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r-~ Abstract parameterri are lioted in Table I. ICC was subsequently

under contract to Loa Alamoa to fabricate the cable.
Prototype cablen for 7.5-T, PU .~cd field Detailrr of the coil and cable design have been

(

application in tokamak poloidal field COAIS have been dincuaned elsewAerc.1’2

designed, fabricated, and ●valuated. SuCce6BfIJl
fabrication of a 10 m auperconduccing sample represents The cryoatablc, 50 kA cable required for the coil

ch? largest auperco~ducring cable ~ver made.

1

Details is significantly larger than any superconducting cable
of the fabrication, the problems expectefi and de6igned or built to thifi time. Two prototype cables
encountered, and thp aoluciona to those problems are were fabricated by IGC under contract to Los Alamos.

dlscubsed. RerIulLs of stability measurements on th~ The firat prototype waa 20 ❑ long, 10 ❑ of dummy copper

~uperconclucting prototype alao are presented. 6trands, ●nd 10 ❑ of cable with superconducting strands
(Fig. 1).

Introduction

The second prototype was about 120 ❑ of
~ cable with copper strands. The 740 m of actual cable

Hjgh current s.upcrcondwcting cables will he
required for the central Eolenoid and equilibrium field

CO1lR of futurt trrkamak reactora. Prenent deaigna

require currcntn of at len6t 50 kA in fields 88 hiRh as
8 T and in addition, thp ability “o support current

changea of up tn 20 kAl~ without performance

degradation. A progr.=.m to develop a cable to rarcL

( hr!i~ requiromcnt s waa eatnblirrhed at the Los Alamos
NnLinnal Laboratory an a pnrt of a ❑ ore comprehcrrslve
progrmm to drsl~n, rirvclop, a!,d trat ● central nnlrrrofd

20 FfJ, protolylc roll. Thr roll was to have a maximum

flrld Of 7.5 r amf h rap;blr of ● cnmpletr field

rrveranl In 2 n, wrsL1-,Rholltlt. (w) Wmn undrr contract

Lo 1.06 A]nmna to drsign and hul]d the CO1l.
lr,lrrmaRnrltrn Crnrrnl (h3rpornl inn (lCc) waa a

nuhcnrrtrnctor 1,4> W during t he dofiiRn phn~r nod WRH

rt,kponsihle Irrr rondurlor nnd cnhlo dr~lgn. Tllr [11.RIEH
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for Lhe 20 PtJ coil was not fabricated. The program was
canceled prematurely due co changes in technical
priorities in fusion d~velopment.

Previous work on high currenc cables for pulsed
coil appiir.ations has hecc done. The first 50 kA cable
was built for Loa / H.tRn~tict4 Corporation of
America at New ectric Wire. Ten ❑ ctera of
superconducting c fabrlcnted as a very
preliminary attcu, ,sess baaic manufacturing
abillty and the aeverll problems to be faced. The
effort ❑urcesafully supporr.ed the fundamental dc~ign of

n flaL cmble of nuhcahlea nr->klnd a cen Lrr Ftrap.
R@sultt. of thiu work have hccn prerrented.3 The
.lapanr~t= hnvr rfcEjgnCd two 50 kA cmblea as a parL of

Lheir Inknmnk p~loidnl field progrnm hut have I,ot yrt
fnbr!rntrd nr lrn~rd any protntype 50 kA nblerr.b

TIN, mQnuf*rtwrinR rxperlcner and problemri

nmsnrlrrl rd with huildlrtg rhr cnhlr nrt= cflHrwrIHrd hi.rc.

Thr dlaruNtiinn indicatem [Il. difficulty of Lhr jnh LO
hr tfrrnr, IIIV mlRniffrnnt mrcompll~l)m@nr6 nrhievrd, mud
I )Ir urrd fnr furlhrr d~vrlopmrrrt. Rrrrulrrn or
I,rh-fotmnnre lenLn on (1IF prolnrypv rnhle arc prrnrntrd.

●
SIlppmrtrd by Illr Il.!;. Ill-ill , ,11 I; Ii,. IRV.

Mambmtl Ill!IFt@lvrIl NIIua.mlIrI “lo IVI12.
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Development

Cabling of nuperconduccina ncrando am a ■ eans of

●chieving increaned currant carrying capability while
at the ■ane time providing improved ●tability and

reduced lonmes in mtandnrd practi~e. Fabricating a

50 kA cable, one approximately ten Clmen larser than
any previously ❑anufactured, ia not standard practice

anti required an amaeaarcent of new and unique problems

that might he encountered. The aaaeaament led to
general rnnd specific concernt!. The general concernm

were:

I.

2.

3.

4.

5.

TIIC

I.

2.

-1.
Ii.

5.

h.
7.

8.
9.

t ho

Waa there equipmenl cnpmble of making large, flat
cab-e, not n standard product in the wire an,d cnhle

induntry?
lf ao, would the eqwlpment he capable nf handlinR n

cnhle of thin size?

If IIuch etmttpmcnt exinted, would it he availnhle
for une?

liowld tlw rnhlr hr mcchnnicnlly ntable; could it he

handled”?
Wan the drnlgn vlnhle from a performrrcc ncnnc?

npnclflr cnllcernn were:
The rulntivr twist dlrecllnn of the nwbrnhlr’r nnrf

flnnl cnhlc.

Thr pitrh Icngth.

lnnwlnttnn nhrnNlnn.
Suht!nhlo rrctinovern.

ApplyIIIg nnd prult!cting ln#wlntlOn on the mandrel.

Inht!r[!nL twist nf Cable.
(:uttln~ rhr cnhlc and chnnglnn tnkc-wp mpnolE.
Colrt,tsL nuht.nhlc cnmpnction nnd ltn mcnnt!rvmrnL.

other unrnrt.Mrrn prnhlrmN.

To Lvvrlnp tllr tFchnolnRy and cxprrl. lnr! tn ronnlvr

potont lnl pr(, hlomN I Islrd rcqul rcd fnhrlc. nt in~ 0110

or mot-o prot III ypu l,u II1o H. Phnnt “onv wnti 10 [nhrlrnti! n
rwlntlvrly nhnrl , 20 ~IJ 7’I m, prntotypr finhlo, hnlf nf

WII 1rh wIIuld III* mndv n[ dmnmy ( (I,qjcr Hrrnnd# nnd 1111I I 01
~uprrr~jndur[ lnK ~11rnndll. Four gnnl~ wrro ontnhll~hrd.

1. T(I vvn 1!Inra, I 110 N,ll:,nhlllry Or ! hv cnhl Ing

rqII I pmrnl ,
7. T,) Il,nrn IIIIW ! {> ,]llvrfil v LIIII I .Inl lnM mnd I.11 rvn ] untr

[IN rlrxllllllly nlld Mllll.n})lllly (Fig. 2).

1. TI, Idl,lll 1! y Whl(,h lllwrlf ir Ibra]hlrmn IM. CU,.rd nlld

,nr:lflurvfa rCSqII I rrd I o rorrorl I hvm.
i, . ‘!() II FII. t hI. filil)i.r(.olltlll(.l I IIK porl I 1111for pcrf orm{lwvo

IIvnl IInl I III Ijl rrll I snl rllrr~.111 nnd 141nlIlllly,

‘1’hr rnhl lnp, wn,I [ II !II. dnno INI n plnnrl III y l’nl~lor nl n

NIIllr II{il rnrl or I II 1(:(:. TIII~ mnrh I n,. Wn!l CIIIIIIIIIr or
hnndl IIW :h NuhrnhlrN nnd I IIF tfwnnl I I y O( ndrter[nl
rrqulrvd lIIr III.! VIIIJIII r,)r LIN, 2 ) f41 CO I 1. TIIr cllhlrr

waa normally uned aa an ●rmoring machil,e for high
voltage tranamianton linen. The toollng waa deeiigned

and inetalled and operated by ICC.

First Prototype Cabl.

Ten ❑ eterE of dumy cable nnd 10 H of Supercon-

ducting cable were succeamfully fabricated. The

viability of the cable dealRn and the etisentli~l

performance of the equipment nnef toollng were

demonstrated. Numerous specific problems, however,

were encountered, including nubcable trom~ovcrs,

abraaion, cable twiatlng, pitch length, compaction, and

overall handling. Prnblcms not addre~aed lncludcd

mnndrel t~ping, cnhle cutting, cable protection, nni

Lwlat handcdncna.

The major problem w~a aubcablc cro~sovcrr. To

correct the problem, nn external guide that tightly

aurroundcd the cable wan nddcd during the run ut the

fnrmatlon point becwecn the cnre pin and

(Fig. 3).

the rollers

SuhNcqucntly, r,0 crmntrovcrs occurred;

however, the tendency to do an pcrnlmted. Ahrn~[nn of

the mnndrrl nnd ntrnnd Int!ulnttona occltrred, cauHI!d hy
worn guide dies lm the cabler and iy the tooling,

becmuMc of ln~dequnte adjwatment capat,illty. Twi.ltlnR

nf the fll,nl cnblc wna probnhly d,m tn incotrect
❑uhcable pitch length. lnltinlly Lhr pltrh Iongth wan

act for 86 cm, which provwl tno long. Thin wnH

nhorlencd tn 63 cm, cloner 10 56 cm, which hnd hccn
cnlc.ulnted. Compnctlon, llkr nll of thenc innwen, waR

npproachrrl cmpirtcnlly. The nsnumptlnn wan mmdv tllat

mnxlmum cnmpnction within thr rnnntr,llnz of no lnna of
❑trnnd o r mall,lri.l inauln Lion lntegrlty wnM nptimnl.

Vlnunl [nnpcctl~jn nnd rtl NIOtmllC!! chnckn mudr nrter

comp]ct [un d thr ,,nhlu llld[cnlc~ that Lho nmnunr (If
compnrtlnn cnunrd cwt-thrnw@l nr t hv mnnd rr I

[nnulntlnn. Thr cnhlr wn.q br~ppcd With Ilrnvy,

IImNIdhrN 1VP tripe nnd hnndod nnl y nhout every motor,

Whll!ll wnM Mnmrwhnt lnnNr. Tllln

(- 2’1 lhs/m),

, mlon~ Wllh itq WVIHIII

rondo I)nnd 1 I IIM WI LIIIIIII [it~l rlmrn! vt. r Y
lflfflr.rllt.

TIM. I lrNt proLobype WRII fundnmonlnl 1, !lurrot4!lful ,

nn Nlntrd, In 111111 It provldrd n l~nglll nl t4upt*rrtm -

dllrl lllg r n1)10 In 11(, Irnll, d, h(lt II nlnt~ II XlIIIm1d mnny

prl)hl(*mN nlld Mnvr imIfRhl lnlo tlr rvg:wl rrmrnl n 1()

rcmnlvc t hrmm Trul IIIH o r muI hnd II I(I rott{llvr lhm Ilr
prol~lrmM nnd III hrr prohlrml! IIIJI nddr,. #~lt, tl r!,[lll I rv[l LIIIII

n necond prototypr rnhlm he fnhrlrnlcd.



Second Prototype Cable

The materialn ueed

were:
Mandrel - 304 ntainleas

for manufacturing the cable

steel. full Bofc, 1~2 round

Mandrel

Subcable

,dgem, 11.143 cm wide x 0.211 cm thick.

rmulaticn T,,lje - A polyester fiber, polyaacer

ma? with Lotnl thickness including adhesJve

of 0.019 cm and 5 cm wide.
Core - CuNi, 00/20 alloy, 0.216 cm dia., hard

drawn, in~ulnted utth 0.025 mm thlrk CP-200

insulntinn (polyenter-pnly..mtde-imldc).

f)ummy Suprr, ,ndwctnr - Copper, P.TP, 0.20L cm din., hnrd
drtlwn, ln~ulntrd with 0.015 mm thick CP-2(NI

insulattrm.

C.nhlr Ovcrwrnp Tnpc - 7.fI cm wide, 0.2tl cm thick glntrn
mesh cnntrd with glann mat And film to mnkc

Klnns nnn-frritntin~.

TIIC ~rnt.rnl mop of thr

Fol> t 111(, l)rRcrl]ltion. . . . . . —----- . . . . .

OL()]II Hnndrel lcdrr

- to nLtn. n to

Ill - 14? Cnhlc stnrtup

cnhlr wnH:

only

c.npntan

1/,2 - 200” Averagu cuhlv dlmrnnIonN -
1,613 rm M ]2.2$() cm, pltrh 2n.5°

?()() - 39:1 l)lmrnntonn Cl)nnuccf to

1.1)’,1 cm x 12.’)90 cm
~()\ L,, 477 1’11 Cll rhnn~r,l to 2“10

Ttll. Kill.clr [(. (lll,)(.[l iVr H Or II ❑ccond cnhl ,. wc rv

(11.r Illrd nn [[)1 IOWK.
1. T,) fnbrirmti, n Nlp.n[rlrullrly Iorrgor rnhlr I II

prt>vld[, I or 11111.qIInl I. vnrlal Inn IIf I)nrnmrlrrn ,Ind tn

Illlnllrt, 111) IIIIW lIrtJl)l rmH 111’ IHIII[ I)vol’ 1111Ulill. nlll,ll
run.

;) . ‘To rvnl IIn Io roh~ll I I rnhlr I ormnt IIIU LIW1 IIIR.
“1. T(I vvn I tinl r rt.v~, I’NV 11/IndotlnQ.HN h-l wrr II MiIhcnlllv nlid

I I Iln 1 (,JII)I l! [11 I rrmn or rnlllr f ormnl I (III 811W1
lnll. ~rlly.

/, , T(I I. HIUI1l [1111 I Ill, mnnd ru I I ;Ip lug [Il,a.ral lt)II nlld

ISVI1I 1111[I, II 111,W IIl;lll,lrv i I Ilpv.
‘1. ‘1’~1vvnlll;ll (. (Ivf,rwr,lllplnx I l}!. I Innl rnhlr WI I II pnllrr

11111(. 11(11h I(I pr<llort II 111111 mnlnl nln ,.111)1t,
lnlt,~rlly,

f) . ‘Tll t.rtl (.1111 I.vnlll,,l 1,,,, ,,! Ill I (.11 nn~lo an(l r(lmpmr! 1,,11.

1. “r,, [,v:llllllt 4. r.1 I 1.(,I of tlnll nrm nllll,.nhlr I rnnl III1l IIR

1111(111,vl, l Ill 11,11!4111111111(.111)1(, qllnl II y.

‘1’Ilv 11111y Ijrl]l)lvmr+ 111,11 wv rl. I llhr rv[ll ~wrr ( 111.
rllml)lvt r. rttlt wt. r,, ra. I III 011 I 11 I 111. rllpnl nil. I’Ilu II I1[W

I 11:11 p,ll[dl.11 I 1),. ,$,11 )11. 1)11 I Ill. r,l:)Nl 1111Wdlll 11111 ,11,lll~llvd

Ill Ilnlldlr I 1.11 1,111#11.fl, “1’IIv {}vvrwrn;, I I.11(11~11I I) rnl (*II
111111I a,nr , Illld I Ill. (.JII III. I I.tl(ll.11 I 11 r 1 lmll t]vvr lllll~lf

I ram I Ilrll I t, I 11111, I’IIv nlI(M. rIbwld III, r~brroa,l otl; 1 11s,
,Ivo,rlnl) Imr(]hlt.m mny Irllll I rr ,.4111Ml11111 Ilnnllll-t)n
:11 I lQIII 11111.

Tllv ,, ,11’,, 1)111, II!II or UIIIIIO , nnd r(lllrr~ woro nll
mi)rlll Ii. tl of I rr I Ill. I It!ll II I(11 Ill yllr I.nllll. m Th,. lvl~l~
IrIBl Irrfi Wa.1.a, mdbfl,. ,Itl lll!lt Ilhl c., WI}I 1.11 1.1I 1.1.1 Ivol y
l,tllll lull IO(I (.d},,l, ,,4bmltnt.1 1,)11 n 11,1 VI Iml IIftl c.11 mnn, lrs.1
Illlllllnl It,ll ,Inm,lm,.. [~1,11, 111,1 mt)dll Icnl 1,),11, WVrO ,mntlv I t)

I’OIIU(,V I 111, pl))llllbl I I I I y [)! IIUI1,.,11,1,. a,rllnnuvut,;. ‘Tlloy
w{. rr 1101 ,!1 I,n[,,,,l ,.,1 , hut o.vn I tlnl I,BII 111 t Ilr rlln
,.,llll .1,8118,,1 I Ilnl (mlI,ov ! d,,.! or,, , ,llnr,,f+~,,,l In, rr, WC.rr (If

Era.nlr.r fll Hlllt ;I.nlli.(.. i(R,., *1)1 I or 1 IIF tlt.1.llllll)llnl
,,rol~lltbva.r, 111., !t),,l II,H Ilvrf,llm,,,l on(.,sl Ielil Iy.

Tlit. I,,, vl. 1,1A,. III I 11[, IWIMI 1111!.1,1 11111 I rom I 111.
Mutlr,lhll.11 ( 11,1 I Ilflnd) 1,, Ill,. I IllIll ,,11114. (rl~hl hllnd)
~nvo n I16!!c.1, ,Ivt.rnll Iny I 1) I 111. I IllIll t,llhlr. T:I,,

dl I I ert*nt.t., Il(lwl, vl.1- , Wnll mlII urnnl mIIl rtjIIltl nl n41 hnvr
tt.uull ral I r,bm III )11.I I n,.! ,BI.!I , U.H. , I ,,,,1 Illu ,), Mllllrnhlo

Cenoionlng. A final daciaion could be affacted by
other factora such aa axial loading in the coil.

Mandrel taping, applied with a tapinn head, wan

donrl aimultaneoualy with the cabling, but at Lhe

entrance to the bore tube. Two interlocking layera ~f
tape were applied with ●ach layer ❑et for a 10 to 15%
overlap and the interlocking cwerldps staggered bv 50%.
T(1 maintain the correct overlapa, frequent monitories
and adjuatwent were raquired. Af” ~r tapins, tha
mandrel vent through a ❑ct of rollela. The only
imperfection noted van an occantonal nmall wrir,kle an a
huhblr waa rolLed out . Evaluation of the tape
integrity nfter rmblinp,, ❑hc.wed It to be completely

antinfnctory; there un~ no cut throu~h by strands from

COMpnCL~on on the f] . fac~ or on the ertge. the
nipnificent problrm did occur aa a result nf o

deliberate ~ction. A joint waa made In both tapen at
t h+! aamc tIme und mnde overlapping rather Lhan butt.
Thin, togrther with the fnct thmt sptrml ovcrlapn we rc

n n thv lendtrrg edge, cauacd the tape to catch mnG ,!?ap,
on the lnn~de of the core I,ln. The tnpu finnlly t,rukt=
lnnkc nnd hound up the mandrel in the core pin.

After formation and compaction, the cnhlv wnu
ovcrwrnpprtf with nnn-ndhraive glaaM tape in two
lnccrlocking lnycra, each with n alight ovcrlnp and n
502 nepnrntlnn betwcrn tmpe c.~crlapa. TIIC tripe wan
rfamngr!d nt n numhcr of polnt~ durtug the npcrnt inn.

TIIII nhrrc and Lhc rapntan have been ❑ rnt. inntw!. The
Mnjor (fllIUngP to Lhc wrnp and pcsnibly tllu nLrnlldri
occurred NL 1110 take-up Upool , whi Ch Imd not hron

properly ~nHtnllotf hy the cnhlfnR rnmpnny, A ROI nf
Lrnvrlllllg rollcrw wnrd Lo ~uldr t Iltt rnhlc (>I1L11 1111.
lnkt-up Hpool or pmrlodlcnlly tmprovril and cxnrrrhmtod

II1O prohlcm. TIIr rrntllL wnq in Ltrm[ Lien L dnlr. uv 10 thr
pnl,or wrnp ovrr LhI, whIIII. Irnglll of cuhl. c.

1)011I gll rrqul rrmt.nLM fIf lhr 20 HI rol I roqul rod n

CIII)IU lWIML lIllrlI nnRlo fIf IH ! ;!”. Cnlrulnl 11>11of LIIV
rorrrrt pllch mnRlrI h,~tiv(l I.IpmI II I mvliN I!jnal Ilnrnmrt rrN

gnvu 23” III 2’)”; Ilowovrr, Ihln l“ lIl~hly ❑l.llHlt Ivr 1t)
~mnl I vnrlnl Ionu 1,1 rcrlillll p,lrnm,,l rr vnl, hvvi, TII II,
Nrn1411 :vlty Icndtl 10 wll,,rrlmlnly III IIIV npl Imn I p: l-11
1111~I 1, n 1111 I ht. Ilrropl 11)1(. Ir)lvrntlro. TWO dlllrrrlll

pl Lrl) lrnHth M wvr,, UIIIId dlirln~ (lit, {,111111. Imbrl(,nl I.111.
V.mrlnu M lSOIIM1 rnlnl II I}rwvrnl rd t rylll~ m(lrt. IIpl 1111111. Tllc,
IJIICII llllIHIh WIIM rlr~l I!OI 1() hl.1 ~1,1, Wll lull r,. null 011

I 11 n p! I rll II IIUII. Itr lII1l)tlt 71). N() ~ ().2[1, ~ I,,,,,. I,, I t,,.
do~l~u rrllrrln. ‘1’h~,rv Wl,rl, gllpll 1)0I Wt,t.11 11111,{,nlllol!
I 11111 wor,, n{)l .,lllf IItm MINI rnil~o,l III) [II nlI(I,, Il ().1)4() I II.
fkoIIRIIly ‘1,) m ,If (rn!jlr w~.rt. rlill. TIIII III I rlI I 011),,1II Wllll
111011 Nrl Iu (I1 ,() rm, wh!r; I rQIMIIll u,l III n ;tll,.1, II IIHIV n!

nhmil 7“1{’ q [).711 . ‘1’1)!. ~rlllm Iwl Wrvll Iltlhl.ltlll ,*M hl.,dlmr
Hmnl Iur 11111 ,1111 11111 :nlll M1l. (Wi$rjll I nldltc.ortillt,a. III I lIr.
rnhl m lmpr, ivo J, Tll,. Iny ,,f I l)” guII, ql,lr.g “r,!:l,l,l ! I,z.

rllhlr Vlluo IIl)w “I,,,W,. J Ill) 111111,II I Ilu. TIII. ilvornl 1

l!~’hnvlnr ((IOU, Mplt[.,llg, Illy) (I1 Illr -Ilhcnhlrfl ,1I I Ill.
f{lrmln~ l!nlnt W,IN 1, pr.ivvtl,

N(I HI I ompl wn~ m,l(lu 1111I II- f Irnl prtl[ III } II,. I t, MCII

I on~l!lnr. 1111t III. uIIlw. nl,l F* pny{,f I M,I!.111”, 011 I Ill nrrlllld
pr,tl a)! ypti I I)lQ 11.llmlt)llm wrrl. lIIltlnllv nrl III ri]ll~l,ly
I’I Ihn, which mllpentvil qIIllI. low IM,I,1111N4, (If I Il@
I,), )llolll.an f 11 I Ill. UIII!I,, IIII Vll nl’, )\lll,l 11,- e,li:o ,)1 I 1,,. ,,,,11.
pin. P4aurrlhrlmrim, 1> m u! I, J,IIIO .{,, 1’,, 1’!111 Wit:! Ilt)
nuh,hfihlr rrtbm,a($vmrm. TIII. pmytlff dponl ltIIInloIIn worr
IIII!II ln(.r,*n,.,li, I ,! ● l I .Iqll I t. Impr(lvv I Ilr Itltlmrlll. m-lm

TIIr nmabttnt tbf IIIF- 411t-1’Wn.... r.*II!d II~bi hi! monetlrrt(l. AI
I ht. Mnmt. I Imo I II- rfilll 111~ rjll r wmm Ill,,ri.nmmd f rom IIIMIWI
I m/mill l{] fil,out I,h m/mln. !iuhnorfllrnl Iy, n nwmha.1 ,nf
●ullt, nhlr rratn”nva.rn u,.t.,lrr,,d. lhhlrlll~ the mprrd all,!
I 11[.11 1110 ! rnnl~}li hnrk I 1) 11.rl r 111’ 114111111vml~trti rrIIIIIO.il
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Tha second prototype demonstrated ●aclafactoril~

moe t anpecte of producing m 50 kA cable. It did not
reeolve all potential probleme, nor did it demonstrate
that production level capability without constant
handa-( attsntior. nad be, n achieved. Further
improvt ents nnd chanEes are rr ,nded.

The problem of torn overwr~ an be corrected by

aBourlng proper alignment of chc L, up eyatem, lining
the inner nides of the take-up Ml le, and improving
the flexibility ●nd control of L I guide rollers
between the ctipacqn and the take-up E), )1. The overlap
problcm tin the capatan cnn presumably 1, corrected with

tho ndrlitinn (,$ an idler wheel. A line r capmtan would
be the bcBt nolution but would in )lve a ❑ajor
mod[fic+ttinr, to the cxiatlng ●quipment.

TwrI m~ljnr problemn Ntill ehiet with respect to the
[Oollnp,. L!nv 1s cron~oveln; the other in mAndrcl
Innulntlon bfndlnR in the core pin. Even with propurly
mm-lo tripe jolntN, the pounlbility of the tripe hanging
LIP In the core pln exinte; and If it did, th- rcault

wnuld bc cntnntrnphir nnd irrevcrulblc. To climlrrate
this p[]#nihlliLy, thr mnrrdrel taping munl bc done
rrcpnr;lLrly tN n prclim!nnry run. Thin would do two
thlnRn. FirsL, lf n hirrrg-up occurred, lt could bc
cnrrur.trd withuut lhr prohlcm or cnhlc damngc. Second,
mftor cnplng, npooilng, rind ro[t.tdl)]g inLm the machine,

thv mnndrc 1 would thrn hnvr the tmpP ovcrlnp un Lll(,
trill lln~ LWIMLI.

V~lrl(tun p[>~nihilllie~ CXIHL mH nnllrcc., uf tho

CrOHHllV{ir prohlrm, onc in LhnL ~hcre in Hnml. mlnlmum
vlrnrlng t [mo for t hi. Huhcnhlen to gn nrounll Lhr odg(,
IIf lhI, corv pin. If LIII, rnhllrta rntr In 100 Imnt,, tllr
Ntlhl’nl.lrn mny 11(11 vlrnr nn(l II rrwnnvur r.~Hulrn.
~lllllhtsr IFI Illnl llf Lrr n r41!)p PIIII1l , nl tItnrl Up, prl)’oll

Hpt)ol lrn!ll!llllll~ mny INI non\inlfnrm nll[l [nJ” Inlo n
rr~lnqovvr. T,) I)rlllg Ihr pnfi~llhll!ty of rronuovvrti 1t)
za,rl) vllrlollM L4L[,pH MhoII II! hu [nk(~l). Flr Hl , Ill@ ~111(1(,
l] I 0(,, 4111(1 rollor HO1-1111 Wll,,llld ho mollnl I.11 1111 111{,
Iillppnr[ 1111)11. WI (II 11(,row n(l,l IIKl mrlll H
lmlrrml,

11) nll.)w (.nHy
vrrl lrnl , 1111(1rot III 11111111movrmvnt , Tbt, I nrHr

I tlrq~w.n f rom ! ho MIII II,411111.H 1)11 I lIr. I,oru pln VII IIIIO m8tj4)r
II I Iuumvltl I)r,,hl vmn. sot 1)11,1, nnIIl “lor nmnl Irr h: Il(lrr 01”
Oyc Hl, ldll 11111(1111 1)~, nlldrll nnd mq)llul I.J Im.( woa.11 111~,
I. MIMI II IF, nl, l,lor .111,1 I 11! ,,,11 )1,, fi)rrnlnfi 11111111. 7’1,,.
t, It)lll.r I , I 111. 1111(1III I III. (,(lrf. plI1 I lIIIt I III. 1111111,411111111
411I, lIIrk I.11 111111 lIln4,a., II I,. m., rv (1111111111 11 I 11 I tlr
a.r8)vi1if~vvr~1 I 11 ,Ia,(,,ir. Tlllr (l, lldlll I 11)1111I prllt 111ypr
rml]l IIIU mti~l III. tltvna. I II ,. B,nl IInl II t Ilonr rhnnna. n 111111 I 1)
I(lrlll II y I Ilrt 111.1- I Ill. n I lInv.(1 I t)lvrnlln,vn In I)pt,rnl lllu
p41rIImvl t.rla.

A C,IIIPIIU III 114)111,.,,111114$11I Inrh a~rlh IBg.rl 1111.111 I 1)
dC-Vlil IIl)lt!E n ‘I’) I(A [.111!11, Hll[)lllll
prlllll,!mrl ,,f worklnH ,,11 r,qlllpmt. n
dl.lllrnllotl I Ill I Ill. 1)1,1 1!.,.1 ,11 1),1,),1 ,1’
!) 111V Illlmlllrll I y I Ill Orl.,11 ,.,1 I 1,
t,tlllfl l,ll. rlllll r.. ::!,hvd,ll I 11~, nvnl II
Ptplllunvllf 1,1!.0111 Illa, fill 111111Irt, l Inhl I 1

,111

I Yl,,,

1,,,,,, ,,

I Ilt,

I ml, I

11111,1

111.flill IV1. I 111. 1411’!I Ill allllllp, ,1,*V,’

131. ma.ml I ttII.aJ. ‘I’ll!.

111)1 rlplv.lrlrlllly
II Illrlllly Ill Ill In

I Ilr Illllbll n r#*
hlllly, I)rrfltlllll,. I ,

v, nllll I.llfll II II la,

l,llmrlll WIII-k ,Ir I hlfI
‘Till.rl, I M, Illlwt, vl. r , 11,) Illlrrlh:l[ IV1. , ##thy I Ill.

Ill I 111.1 0)1 I ha, 11111 1(1, llv ,111111111, .Ill, ,,ll,llllly III
mllllll 111 I’ll. Illt, lllrll.

{,111 111111,I ,11 1:111tirw W,)rk

Fill Ill 1, I,lr’j:t. IIt. tllo I ,Iknmnku ullllilll~ nllllt*ll,llll -
Mu p,ll, )lllll I fll,lll Inllp,llrt

m,ll m $,1 ‘I() I(A !IIII II.. Ivrtl,lll,,l
Ip. nlll II v Will 111. Iillmlil.ihlo.
will 11,. Ill I ,.11,,11 ,1 11.vl, l ,)1

FIIHIIIIII. IIIIIV malr,, Irullll Ill,.
VII1l I 1111,111111m,l,lll !Illllp, ,11 1,111111.,1
I-l, qlll I m,t~ I 41 14.,1!11,1. I 110 ,,11, ,.11 ,11,11

Al t rlll 1!)11 Iltlw t Ptpl[ 1-0.11.

mny iuq IIl r,. II) km 1,1.

1)11 ,t,,,lll. 111) I 1) I hnl
1’11, lll~~rnl (.llnl lrll~r

Ill IItllllt 11111 , Ipnhl I II y
I hnll Illlu . AIII I)mnl o,!

p,l!,lm,.1 ,.1” Wtll hr
y Ill Ih\,m,lll ,.,111, I ,11 IllIll

The preeent cable deeigrr ia the largent that could

be acco=odated on the equipment now used. There may
be othc, facilities that could accommodnLe higher

currant, iarger siza cable denignn. Tokamak designers,

however, need to be aware of theme limitation.

~eating of Prototype Cable.

Stability ■eanurementa were made on the fiingle

●trand, th~ ❑ix-arounJ-one aubcable alone, and th~

eubcable within the final cable. lieaults for the

elnEle strand and the nubcnble alone have been

previously premented.5

Full cable ❑ eaauremente were ❑ade nn a 3 turn teat
coil (FiE. 4) ccc the l.awrence 1.lvermore Nntlonal
I,aboratory (LLNL) high field tent facility. The tefic

coil wa e aaaembled with the 10 m ❑uperccrnductlng
rrection from the first prototype teat cable, TO

simulate the opera .lng ●nvironment of the 2fl NJ cull,
the turn-to-turn innLlntton was provldcd by G-IO ~lnts,
0.158 cm hy 0.635 cm wide with a 0.318 cm npi+cing. ?or

auppnrt and Inmtnllat[on, the apacera were mud II 111 4-I

“rrrilroad tie” configurntlon, g:ucd tn two “rull.roud

track” ❑tripa of flberglaan ruving.

No 50 Lo Illfl kA powur supply wnn uvnllnhlc UC 1,1.NL

to powc?r thr full .nhlc. It WILLI, thcrefmre, neccHHnry

LU cmnnrcL Hll LIM? nubcnble~ in aerlew by noldcrinh

toMctller iirfJncent pnlrn at each end Or the trnt cnll.
Tllr nrL rcMult wnfi n 650 m long LI!HL l@nBLh O( auhcnblc

wnund hllilnrly In Lhc ft,ll cnhlc cmnfi~urntloll.
(hrrrmt flmwrd Ill nll nllhrnhlc,l, 1)11I In nlLorWllr
dlr(!(:t[nnti for m{ljncont nuhcnhleH. ThlH Lrnl F,*lh[)4

hall Lhe re~~llf Ing mdvnntm~r n f rllmlnoilr,,l Ilny

Irnnnfnrrnrr rnupl ln~ hl’twrrn the tent un[l nihl LhU
hnrk~ruund co I I nllll 1)0111,1. 1hr 1mltrrrn! Hllr,)ly lll\[l

prol rrl lnn I*OI1I rol M ll)nl, would II IIVI. hIiIIII roil~ll rvd.

Stnhlllly m4*nf4\iromvnl u WC.rv puri~jrmi. d 4111 I Ill,

rt.ntrr Lurn 01 I.hr I vnl (.011. ‘(llln f I Im rrMINln,lco

llomlorA, O.f)j’r m WIIIV hy ‘).1 rm Il)llu wrru wr.ipl)!!il
nr(nmd nwmvroulb Muhrnhl rn. V(II I IIKI, lIII}M wrrv plnrrtl (III
I 111. MIx M ,porr(mlurl I IIK Itt r4tn,lt1 II I 111111(11 10 (m

lnlorvnl M nl(ll)~ I.llu Hllh#s41hlls 11, TIII. Nlnl); llly

mofilntiromt,il! n wrrv mndr hy I 1111111,i IIK II Iltlrmil 1 Z(IIIIS I II I hat
11111)(.1111I (, Wllh I 110 hrIIl a.r 111111 I II I*II m,llll I IIrl IIy 11,1

❑uIIN4*IIWI)I Xrowlll 4Br dvrllym ‘1’ofll U W,. rl, ,111111.1111Vllr’lllllfl

nuhcnhlrm II! dlflrrrnl rolml IVII 11)(,,11 Iollfl Wlllllll I !10

11111 Cntl lo. I lb Mtlml, Irllln I hr,, s, IIr I ,)~lr 1111IMI.c.111

Itlllwllhlrm werv drlvon Itnrmn 1 nlmlil I nllo{,llnl y. TIIFS
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renulcm were !.ndependent of ●ubcable location and

number nrrmalizad. Figure 5 ahowa the resultn of the
aubcable recovery current for theaa teata along with

reaulta for the subcable teat alone in a completely
open environment. Recovery current in defined here aa

the ma’ximum current at which a normal zone, eatabliahed
with the minimum heater power required, will recover.
Earliar meaaurementn on alngle dtranda had eatatliahed

a surface heut tranafer rate of approximately 0.5 W/cm2

at 5 T. Meanurementm on a aix-around-anc aubcable
alone, aBaumlng no change in heat tranafer rate, gave a

reduction in recovery current commensurate with a 40?.
loaa in ava:lable surface arem for cooling upon
cabling; nllghtly more than the theoretlctil ❑inimum
leas of 33%. The rssults nf the aubcable teat in the
fuli cable configurnt ion ahov no degradation of
rcc~vcry current compared to the single uubcahle
renultn. Becxuac no change in bent tranafer should
occur, [he cnnclwnion i~ that the full cable
conftgurntton results in no further reduction of

nvitilnhlc Co(]llnu surrare. Extrapolation of the
ri.NulLs Lu the full cnble give u cryoatnhlt. ltmlt nf
b5 k~, WC1l nhnvc the criteria of 50 kA.

fj\inllflcutlnnJ L(} the reaultn ahou]d bc noted.
only nnt. nr 11 fvu tiubrnblcn were driven nnrmal in thcac

[(.HtH. TIIL, 20 W CO1l ~peclftcatlnn required recovery
(rum II lI,~lf turl) of tl]~ fIIll cnhlc hclng tlrlvt,n normnl.
AIRO II1O towt c(,1I hnd ,1,) Lop und hnttom plntc ,Iwppnrt

Utrllc L\lra!. Tllc crloct ()r till.tll? tW[l fIICtIIrH 00 LIIO
l)uhhl(. dyilnmicfl IIIMI rorovrry rurrrnt werv tn hnve been
r.]tillml I.J !n LPN(N ()11 111(. Ilclulll C()[l. TIIU Hilppnrt

●

2.F’

●

●

A

■
●

D
●

●

●

:
lSOLATCb tlUDCADLC

qUDCAUL1. W’lli!lN rULl CAfJLi m

20 MJ Dr.Gl(iN OP[rlATl?ltI Pt)lNl

I 1 —.. .1—.
i“ 4 n n

U(T)

Concluaiona—— ,.

Prototype 50 kA du-y and aupe~conducting cabiea

suitable for high, pulsed iield application were
aucceaafully fabricated, evaluated, and tested. The

oize of the cable presented unique problems; moat were

resolved, othera require further development. Xc la
important to note that the uniqueneaa of th: problems
would not allow their resolution by technology tranafer
from other advanced programn such aa METF and LCP. A

continuing, separate effort ia required to resolve Lhe

remaining problems and to reach the neceaaary level of
automati~n” for large

1. H. S. Walker,

J. D. Sc,ldiere,
E. A. Ibrahim.

scale production.
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Abstract

Prototype cables for 7.5-T, pulsed field

application in cokttmak poloidal field ctiila have been
designed, fabricated, and evaluated. Succeeaful
fabrication of a 10 m aupercunducting sample repreaenta
the lrrgeat superconducting cable ●ver made. Details
of the fmbrlcation, the problems expected and
encountered, and the ❑olutiona to thone problems are
dl.qeum.qed. Flellults 0! stability meaaurementa on the

supcrcnnducting prtitotype al~o are presented.

Introduction—..— -

HiIzh currcrtt super~unductlng r.ableE will be
rcqutred for the crntrill sol,znoid nnd equilibrium field

cnllR or [uturc tuknmak renctors. Prcaent dcaignn
require currents ot at least 50 kA in fields aa high an
fl T and in addition, the nhility to uupport current
chnngen () r up L[] 20 kA/fl without performance
degrmdatinn. A pro~ram to develop a cable to meet
thc~c rtiqdlremvntn wil H eatnbl.mhed nc the Lnn Alamon
Nntlnnal Lnhrrrntnry JIII n parl of n more comprchcnnive
llroy,ram tn dt.Hlgn, drvrlnp, nnd tr~t a rrntrnl nnlcnnid
20 WJ, protn[ypo roil. Thr c!oII W.IH to IUIVC n mnx[mum
flo’rr nf 7,$ T nnd IMI cnpnblc nf II rnmplotr! fl..l(l
rcvcrH:ll I.I 2 H. WvHtlnghouHc (W) wati under rontrurt
k () I,nfl Al nmoq L(> drnl~n nn(l hull(l the cnll.

Inlormn); nrt II-N C.cnornl (h3rpnrnt Ion (It(:) wnn II
~lllh,.(]lltr/l(,tor LO W durlnA the dcHlgn pllnnr :In[l wnM

rw!+pnn!llhlf. [or vuj]dlla%lnr und ruhlr dcHiun. TIM, dl. fl[~ll

“rAlll,lt I

!;’I’NANII I) KSI: NII,TII)N

lbltl[ll H 1.i)2 mm
(:,INI :{:II:Nti~[ {),7:’) “!:1
N~unlwr (,I Nh’1’l Fl lilmrlllfl I ‘1‘lfl
1:1 I;lm,,lhl Ill:lma,l e.r ;!2.1 IIm

$:II III: ANI,II l)K!;(:NIPrlo N

(:AIII,I( lll~!i(:Kll”r IllN

Illm,,iiftl,illt: I. ’II? (I III . l;~.hllf) (m

Ntlmll,. I Ill :;II I), ..,, II,,. “1f)

I!:llllll,, l M{llf, rllll Nltr,ill,. Ill)

Mnil(lrt,l llln18,11tll,b!llh 1).)11 ,.m . Il,lf)h !.m

(11111IIfllllnl 1.,!;
I’lt,ll AMI(I[. I l!!’

(Illt, llll 111A [:!11 11.111

l,,,, /l,. al ‘B.’t K, 1.’, r

‘,(1 kA

1)./1

A
!; II II II Itrl I-II Iiy I IIV Il. !;. Ilt,l)l , l!! t.llrrp, v.

Mnllllnl, t Ipl ta,~.ol ur,l N, bv,.ml,,., Ill, IVN;’.

parameter are 11 ted in Table I. ICC waa aubaequently
under contract to Loe Alamos to fabricate the cable,
Detailn of the coil and cable denign have been

diocuaoed eleeiwhere.l’z

The cryoatable, 50 kA cable required for the coil

la Significantly larger than any superccnducttng cable
de6igned or built to this time. Two prototype cables
were fabricated by ICC under contract to Lo.q Alamoa.
The firar prototype waa 20 ❑ long, 10 m of dummy copp?r
strands, and 10 m of cable with auperconducttng str~nds
(FiR. 1). The second prototype Wa6 about 12(J m of

cable with copper atranda. The 740 m of actunl cable
for the 20 NJ CO1l was not fabricated. The program wns
c~nceled prematurely due to ch=nges in technical
priorities in fusion development.

Prcvioua work on high currtllt c.ablon ior p,lleed

CO1l application haa been done. The first 5(J kA rahle
wan built for Lca Alairoa by MagntEtcH Corportitlon nf
Amcrlr!n nt New England F!cctrLc Wire. Ten mctrrs of
mupt=rcondwcltng cable were fabricated an n very
prcllmtnary attempt to aaaeaa baatc mnnufncturlng
nhll~!, y nnd the Novcrlty of problemn tn hn faced. The
-fl’ort Muccennfully supported the fundamont.11 dctllgll of

/1 rlnt rnhlc of wuhcablcn nround a center nL rap,
R@nults uf Lhirr work have been prctirntod.3 TIIC

.JnpnnrHr llnvc drfitgnro two 50 kA cahlen nH n pnrt n f

tlmlr Ioknmnk pnlolcfnl field prrr~rnrn huL huvo no! YI,I
fnl,rlrnlvd t)- tcntrd nny protntypv 50 kA rnhlc~.”

Thr mnnufricturlnrn ~xperlvnrr nnd llrohlrrn~

,nu!I#)(. inLrd w[th htli ldln K tllo cnhlt, nrt, dl~rll~!lrd Iwrr.
‘rln, diHCUHHln, I Jndlrntc:i [hi, [Ilrficulty 01 lIM. Juh 1[]

ho [11)11” , thr nlgnlf Irnllt nrrnmpl lnhmrnt~ n(’lll,lvvd, nlltl
I 111. 11*O1I for fllrL!w~r d~~v:,l(~pmrnl . Vl,lllllt H 1)1

lt(.rform~nco Crntn on 1110 prtjtnlyp(. cnlllr {Iru prunonlod.
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